Schizophrenia patients have difficulties in focusing their attention, when distracting information must be ignored. Although it is adaptive in some situations to monitor the background for potentially relevant changes to a certain degree, voluntary attentional processes seem to be more severely disrupted by distracting information in schizophrenia patients compared to healthy controls. Reorienting processes associated with the detection of potentially relevant information outside the current focus of attention have previously shown to activate a bilateral prefronto-parietal network. The aim of the current study was to investigate whether this network is dysregulated in schizophrenia patients using fMRI during the performance in a combined oddball-incongruence task, in which relevant processing must be shielded from distracting irrelevant salient or conflicting information. During the occurrence of both oddballs and incongruence patients exhibited an increased activation of the intraparietal cortex-a saliency sensitive part of the prefronto-parietal network associated with background-monitoring. As this hyperactivation was accompanied by an increased activation in the dopaminergic midbrain, the results of our study link the finding of a hyperactive salience sensitive cortical region to the finding of the hyperdopaminergic state in schizophrenia, supporting the predominant view of psychosis as a * Corresponding author.
Introduction
In schizophrenia a wide range of cognitive impairments are well documented, for example attentional deficits e.g., [1] - [8] and an impaired executive control e.g., [9] - [14] . Those deficits become apparent, not only in daily life activities but also in a variety of neuropsychological tests. One of these tests is the Stroop task [15] . In this task, conflict (or "incongruency") between irrelevant color words and the relevant color of the ink creates interference, which manifests in longer reaction times (RTs) and higher error rates compared to the condition of non-conflicting (or "congruent") information dimensions. The so-called Stroop effect has repeatedly been shown to be increased in schizophrenia patients [16] [17] .
But what is the neurobiological foundation of that? The neural network associated with incongruency mainly comprises the inferior lateral prefrontal cortex, the intraparietal and inferior parietal cortex, occipito-temporal areas, as well as the posterior medial frontal cortex, including the anterior cingulate cortex (ACC) and the presupplementary motor area (pre-SMA) [18] - [26] . But as a very similar fronto-parietal network has also been found to be associated with the processing of deviant or novel stimuli in "oddball"-paradigms [21] [27] [28] , the function of at least parts of this network might not lie in the detection and resolution of behavioral conflicts.
As "oddball" paradigms do not produce an actual response conflict, the fronto-parietal network activated by both Stroop and Oddball tasks is thought to represent a more general cognitive function of a "circuit-breaker", which responds whenever potentially relevant stimuli are detected by a "background-monitoring" system of the brain. Background-monitoring is a mechanism, which enables the organism to rapidly respond to potentially relevant changes outside the current focus of attention. To monitor the environment for potentially significant information is equally important for an organism as the ability to focus on task-relevant information and to ignore task-irrelevant information [29] .
In previous studies, a combined oddball-incongruence task was used to directly investigate the neural mechanisms of reorienting processes that are associated with the detection of potentially relevant information outside the current focus of attention. During this paradigm, a cue indicates the relevant stimulus dimension varying in trial-by-trial manner. To perform successfully, top-down attention has to be directed to this stimulus dimension. Beside the task-relevant information each stimulus is also containing task-irrelevant information, whereby task-irrelevant information in some cases violated previously developed expectations either with an evocation of a response conflict or without it. In those trials top-down attentional control is involuntarily interrupted via bottom-up attentional processes and attention has to be redirected to the relevant information again demanding top-down attentional resources. These "circuit breaking" processes seems to rely on acommon bilateral prefrontal-parietal network, comprising the inferior and superior frontal cortex, the intraparietal cortex as well as the medial frontal cortex, independent of whether task-irrelevant information elicited a factual response conflict or not [29] . Furthermore, it could be shown, that this prefrontal-parietal network associated with reorienting processes differs from a predominantly (right-hemispheric) ventral network associated with the detection of factually relevant information outside the current focus of attention [30] .
In an adapted version of the combined oddball-incongruence task patients with schizophrenia exhibited specific impairments in both oddball and incongruency trials, which might indicate that a common cognitive process, underlying both task, is disrupted rather than a process specific to either oddballs or incongruency. The shielding of task relevant processing from distracting irrelevant stimulus information is necessary to perform in both tasks and it might therefore be concluded that this process is disrupted in that group of patients [31] . But the question, whether this disruption arises due to the same neural mechanism of a heightened sensitivity of the background-monitoring system (or parts of it) to distracting information, remains to be answered. To directly test the hypothesis of a hypersensitive background-monitoring system in schizophrenia, we compared brain activity during both oddball and incongruency trials between schizophrenia patients and healthy controls using functional magnetic resonance imaging (fMRI).
Material and Methods

Participants
20 patients with schizophrenia or schizoaffective disorder and 20 matched healthy controls were included in this study. All patients were recruited from the Department of Psychiatry and Psychotherapy, University Medical Center Goettingen (Germany). Diagnoses were made according to ICD-10 classification standards and were consented within members of the study group and the treating clinical psychiatrist. Additional (semi-)structured interviews were not used to confirm diagnoses. 15 patients were treated with atypical neuroleptics, whereas five patients received a combined medication with typical and atypical neuroleptics. Beside antipsychotics, treatment involved additional anti-depressant medication in eleven cases, benzodiazepine in two cases, anticholinergics in five cases, β-blockers in three cases and hypnotics in one case. Psychopathology was assessed by the Positive and Negative Syndrome Scale (PANSS), the Montgomery-Asperg Depression Scale (MADRS), and by the Clinical Global Impression (CGI) Scale. The healthy control group was free of any neurological or psychiatric illness. Controls were matched for age, gender and education. All participants had normal or corrected-tonormal vision. Detailed sample characteristics can be seen in Table 1 .
All subjects gave informed written consent to the study protocol, which was in accordance with the Declaration of Helsinki and had been approved by the ethics committee of the University Medical Center Goettingen. 
Experimental Protocol
Subjects underwent fMRI while performing a cued task-switching paradigm (see Figure 1 ), in which they had to classify a geometric object according to one of the stimulus varying stimulus dimensions-either color (color task) or shape (shape task). The relevant dimension could vary in a trial-by-trial manner and was indicated by a word cue. Two shapes and two colors were each assigned to different responses-one to the press of the left button with the index finger of the right hand and the other to the press of the right button with the middle finger of the right hand. So the relevant and irrelevant dimension could both refer to the same response (congruent stimuli) or to different responses (incongruent stimuli). Additionally, in the shape task, at rare occasions there was a third color without a response assignment (neutral stimuli). Occurring relatively rare among the other stimuli (congruent and incongruent), neutral stimuli represented an "oddball".
Each trial started with a cue, presented for 500 ms. The subsequent target was delivered after a constant cuetarget interval of 250 ms and was presented for 1000 ms followed by the next cue after a constant target-cue interval of 250 ms. Responses were registered until the end of this interval. The total trial length was 2000 ms.
The experiment comprised a total of 240 trials. 105 trials were congruent, 105 trials were incongruent and 30 trials were oddball trials. Excluding oddball trials, color and shape tasks were presented equally often. To allow for analyzing the data in an event-related fashion, trials were presented in a pseudorandomized order.
fMRI Measurement
Using an eight-channel head coil, the experiment was carried out on a 3T Siemens TRIO MRI scanner (Magnetom Siemens Trio, Erlangen). For coregistration of the functional data a structural T1-weighted MRI was acquired (field of view: 256 mm, TE: 3. Stimuli were presented to the subjects via MR-compatible LCD goggles. The head was stabilized by small cushions to avoid head movements during scanning. Triggering of the visual stimulation by the scanner impulse during the functional data acquisition and generation of stimuli was conducted using Presentation Software (Neurobehavioral Systems, Albany, USA).
fMRI Data Analysis
The functional images were preprocessed and statistically analyzed using SPM5 (Wellcome Department of Imaging Neuroscience, London, UK). Preprocessing comprised realignment and unwarping, correction for slicetime acquisition differences (reference slice: 1) and low frequency fluctuations, coregistration, normalization into standard stereotactic space (to the Montreal Neurological Institute (MNI) skull-stripped structural template), and spatial smoothing with a Gaussian kernel (FWHM = 9 mm).
For the statistical analysis of the functional images, the onsets of all experimental conditions were modelled as separate regressors by the convolution with a hemodynamic response function accounting for the delay of the BOLD (blood oxygen level-dependent) response. For each subject, statistical images were computed repressenting the contrasts oddball condition (shape task) minus implicit baseline, and incongruent condition (shape task) minus implicit baseline. These first-level images were included in random effect analyses conducting onesample t-tests of each group separately, and in a two-sample t-test for group comparison. Search criterion for statistical effects was set at p < 0.005 (uncorrected). To correct for multiple testing, we used FDR-correction at a significance level of p < 0.05. In between-group comparisons for brain regions with a priori hypotheses-due to previous replicated findings-we used FWE-correction for small-volume (6 mm sphere) around coordinates from Gruber et al. (2009) at a significance level of p < 0.05.
Results
Oddball Contrast
In the oddball contrast, whole brain analysis of the functional neuroimaging data showed reliable activation of a bilateral cortical network both in the group of healthy subjects and in the patient group (see Table 2 ). This network included regions previously found to be involved in this task, like the inferior frontal junction (IFJ), the posterior frontomedial cortex (pFMC), the posterior superior frontal cortex (pSFC) and the intraparietal cortex [30] [32] . Furthermore, in both groups oddballs were accompanied by an increased activation of the bilateral extrastriatal visual cortex, frontal insular-opercular cortex, inferior parietal lobule as well as precentral gyrus and by an elevated activation of the right ACC.
As opposed to this, activations of the dopaminergic midbrain/ventral tegmental area (VTA) were only present in the patient group but not in healthy subjects. All other activations were present in both groups.
A two-sample t-test for group comparison revealed that, consistent with our prior hypothesis, schizophrenic patients showed significantly higher brain activation in the bilateral intraparietal cortex. Matching the finding of midbrain/VTA activations limited to the patient group, group comparisons showed a hyperactivation of the midbrain/VTA.
Incongruency Contrast
In the incongruency contrast, whole brain analysis revealed a similar set of activated regions that were already found in the oddball contrast (see Table 3 ). Some additional loci of activation were found in the inferior frontal sulcus (IFS), the middle temporal gyrus (MTG) and the intra-occipital sulcus for healthy subjects as well as for schizophrenic patients.
In this contrast again, the two-sample t-test for group comparison revealed the intraparietal cortex to be hyperactivated in the patient group compared to healthy control subjects (see Figure 2(a) ). Further hyperactivations in the patient group were found in the following areas: left inferior parietal lobule, right MTG and left intra-occipital sulcus. Subtle hyperactivations at the significance level of p < 0.05 (uncorrected) were found in the dopaminergic midbrain/VTA (see Figure 2(b) ), the right frontal eye field (FEF), left IFS and the left posterior frontomedial cortex (pFMC) extending to the pre-SMA.
Correlations with Psychopathology and Behavioral Effects
Those regions of the brain, for which we found activation differences between schizophrenia patients and healthy controls, were included in correlational analyses. For this purpose, mean β values from ROIs (5 mm sphere) around significant coordinates from the t-contrasts of the group-comparison were extracted using MarsBaR-Marseille ROI toolbox, version 0.43 [33] . Correlations were calculated between mean β values and PANSS positive and negative for schizophrenia patients; and between mean β values and behavioral effects (incongruency effect on RT, incongruency effect on error rate, oddball effect on RT, oddball effect on error rate) for all subjects. After correction for multiple comparisons no correlation reached significance level.
Discussion
The goal of this study was to investigate neurofunctional changes of schizophrenia patients in situations, in which task relevant processing must be shielded from distracting irrelevant stimulus information, both in conflicting situations and in situations with an irrelevant oddball. For this purpose, we directly compared the effect of salient and conflicting information on brain activation between schizophrenic patients and healthy controls using functional MRI.
FMRI analysis of oddball and incongruency effects on brain activation revealed that both experimental conditions were associated with activation of a common fronto-parietal network comprising inferior and superior frontal cortices, intraparietal cortices, as well as medial frontal cortices.
Consistent with our prior hypothesis, group comparisons revealed that distraction by salient and by conflicting information was associated with abnormal activations within a fronto-parietal network, which was previously found to be associated with background monitoring of the environment for potentially relevant events outside the current focus of attention [29] [30] . In schizophrenia patients abnormal activation within this network in terms of a hyperactivation concerned the intraparietal cortex. Evoked by response conflicts, additional hyperactivations of frontal, temporal as well as occipital regions were found. Surprisingly, abnormally elevated activations were also found in the dopaminergic midbrain/VTA, both in the oddball and in the incongruency contrast. Particularly in the situation of distracting "oddballs" the differential activation of the dopaminergic midbrain/ VTA seemed to be of qualitative rather than quantitative nature, since dopaminergic midbrain/VTA activations were totally absent in healthy controls.
The detection of a fronto-parietal network activated by both tasks in healthy controls as well as in schizophrenia patients conforms to both prior findings of our group [29] [30] [32] and to findings of other groups using response conflict [18] - [26] and oddball paradigms [21] [27] [28] . While some of the activated regions of that network might represent executive control processes, involved in the redirection of attention to task-relevant information, others might serve as a "circuit breaker" of top-down attentional control processes, which allow potentially significant events to catch attention. Although both the FEF and the intraparietal cortex are assumed to be involved in the control of voluntary attention in humans [34] - [37] , the intraparietal cortex was also shown to be sensitive to bottom-up attentional influences that are driven by the perceptual salience of task-irrelevant changes [38] .
In a previous behavioral study, schizophrenic patients showed a deficit in the shielding of task relevant processing from distracting irrelevant stimulus information, both in conflicting situations and in situations with an irrelevant oddball [31] . The underlying pathophysiological mechanisms of that deficit have not been directly investigated so far, although there are several studies using oddballs [39] - [45] and conflicts in the investigation of neurofunctional changes in schizophrenia [46] - [51] . None of them reported dysfunctional activation of the VTA, which was found to be hyperactivated in the patient group of our study. Only a few of them describe abnormal activations of the intraparietal cortex. Instead findings of those studies mainly concerned the anterior and posterior cingulate cortices as well as the dorsolateral and ventrolateral prefrontal cortices, regions that are primarily related to the detection of deviant and conflicting information and to the resolution of conflicts, respectively.
The hyperactivation of the intraparietal cortex, found in the present study, does not correspond to results obtained by typical oddball and Stroop tasks. This might be owed to the special characteristics of our paradigm. Critically, our task differs from those used by the other studies in several ways: Firstly, an oddball stimulus in our study comprises both a relevant and an irrelevant dimension, whereas the oddball stimulus was either relevant or irrelevant in the other studies. Thus, in our study attending the oddball directly interrupts the task performance, just as attending to incongruent information does. Accordingly, the presence of interrupting information is characteristic for both critical conditions of our paradigm. In both conditions attention might be involuntarily caught by the irrelevant but salient stimulus dimension and must be redirected to the task-processes that were previously found to involve intraparietal cortices [19] [24] [26] . A second specific feature of our task design that differs from previous studies is the change of the relevant dimension in the course of the experimental session. In contrast, in other studies using the traditional Stroop task the ink color generally is the only relevant dimension. Consequently, in our task, subjects might be more distractible by the irrelevant dimension per se, as it is necessary to adaptively change the focus of attention. As this holds true for both oddball and incongruent trials, cognitive processes involved during both trials might be quite similar.
A lesion of the parietal cortex leads to severe attentional dysfunctions which are termed neglect syndrome. Patients with schizophrenia display deficits in visuomotor control and visual attention qualitatively similar to those observed in the neglect syndrome [52] . From this perspective our finding of a hyperactivated intraparietal network is not surprising, as one could expect that both pathological conditions also share a parietal dysfunction. Patients with neglect syndrome show the prominent deficit in paying attention to the contralesional hemifield. Consequently, neglect patients eat only one side of the meal on a plate, wash and shave themselves only on one half of the body, and have many other problems in daily life activities requiring spatial attention. Neuropsychological testing with detection and discrimination tasks revealed that neglect patients are capable to detect a stimulus on the contralesional side unless the contralesional stimulus is presented simultaneously with an ipsilesional stimulus at a symmetric position [53] . The neglecting of contralesional stimuli in the presence of competing stimuli was previously found to rely on the middle third of the right intraparietal sulcus (IPS) [54] . Furthermore, this region is hypothesized to be involved in the compilation of a saliency map. In this map stimuli or stimulus features with varying relative attentional weight are calibrated [55] .
The FEF was shown to be often co-activated with the intraparietal sulcus [55] . Furthermore, in a monkey study, distracter stimuli produced larger responses in FEF neurons when they have previously served as targets [56] . As the target dimension in our task changes from trial to trial, this might explain that in the present study the hyperactivation of the intraparietal cortex was accompanied by an increased activation of the FEF in the condition of incongruent stimulus dimensions.
Hyperactivations of the VTA could not be expected on the basis of results obtained by previous studies using the combined oddball-task-switching paradigm. On the other hand, this finding matches with the dopamine hypothesis of schizophrenia pathophysiology.
Dysregulation of the dopaminergic system is one of the pathophysiological key findings in schizophrenia. Initially, an overall hyperdopaminergic state was assumed to account for the psychotic symptoms of the disorder [57] . But, due to the finding of a reduced dopamine release in prefrontal cortices, the dopamine hypothesis of schizophrenia was modulated in terms of describing the aberrant state of the dopamine system in schizophrenia as striatal hyperdopaminergic and prefrontal hypodopaminergic [58] .
Dopamine plays a central role in the mesolimbic "reward system" of the brain. It is synthesized in the neurons of the ventral tegmental area, a midbrain area with plenty projections to subcortical (nucleus accumbens) and cortical (prefrontal cortex) target regions [59] [60] .
Current versions of the dopamine hypothesis of schizophrenia focus on the role of the dysregulated dopaminergic system in the aberrant assignment of salience to irrelevant stimuli [61] [62] . Under normal circumstances, dopamine is released only in response to specific stimuli, especially those previously related to a reward. As a result, those stimuli become extraordinary salient and attention grabbing for the individual. In contrast, as proposed by Kapur [62] , dopamine release in schizophrenia patients might be stimulus-independent. It does not seem to be related to the patient's previous experiences with that stimulus and is not driven by the context, in which the stimuli are presented. Thus, dopamine artificially creates motivational salience, instead of mediating it. Hallucinations are assumed to be the primary manifests of that aberrant assignment of motivational salience, whereas delusions might be the secondary consequence of it, helping the patient to make sense of their impressions. So delusions provide the patients with "top-down" cognitive explanation of their experiences [62] .
Despite the striking evidence of a hyperactive striatal dopamine system, previous studies often failed to show an elevated VTA response in schizophrenia patients. Actually, some studies report a hypoactivition of the VTA instead [63] - [65] . Only a few studies show a hyperactivation of the VTA [66] - [69] . Critically, none of them directly addressed salience processing.
There are several possible explanations for the reported diverging findings. First, medication might play a role. Antipsychotic drugs have shown to influence the dopaminergic system and thus might change VTA neuron activity. As all of the patients were medicated, this might be a possible confound in our data. But among both kinds of studies, those reporting hyperactivation and those reporting hypoactivation of the VTA, there are studies with and without the use of medication. According to that, it appears to be implausible, that medication is the only reason for the conflicting results. More plausible is it that the experimental task might be responsible for that variation, since different experimental conditions address different systems of the brain interacting with the dopamine system in variable ways. In our case, VTA hyperactivity might be linked to the hyperactivation of the fronto-parietal salience sensitive network or of parts of it.
One limitation of the present study is the possible coincidence of attentional bottom-up and top-down processes. As a consequence, both hyperactive top-down attentional control processes as compensatory mechanisms and hyperactive stimulus driven bottom-up processes of attention could be reflected by the results. But there is evidence that fast bottom-up selection occurs first in parietal areas, whereas longer-latency top-down selection relies primarily on frontal areas [70] . Activations of frontal areas obtained in the incongruency condition might therefore reflect a compensatory mechanism of schizophrenia patients to overcome the elevated salience signal. This dissociation of the task should be specifically addressed in a prospective study.
Another limitation is that the diagnoses were not systematically derived based on semi-structural interviews. Nevertheless, accuracy of diagnoses was assured by consenting within members of the study group and the treating clinical psychiatrist.
Conclusion
In conclusion, the results of the present study are in favor of the predominant view of psychosis as a state of aberrant salience. The hyperactivation of the VTA, as part of the mesolimbic dopamine system, and the intraparietal cortex, as part of the reorienting network associated with the detection of potentially relevant information, which was previously shown to be sensitive to perceptive salience, links the finding of a hyperdopaminergic state of schizophrenic patients to their aberrant assignment of salience to only potentially relevant stimuli.
